The Effects of Fathead Minnows and Yellow Perch on Nutrient Concentrations, Phytoplankton, and Zooplankton Populations in Three Prairie Lakes by Jongsma, Darryl Lynn
South Dakota State University 
Open PRAIRIE: Open Public Research Access Institutional 
Repository and Information Exchange 
Electronic Theses and Dissertations 
1981 
The Effects of Fathead Minnows and Yellow Perch on Nutrient 
Concentrations, Phytoplankton, and Zooplankton Populations in 
Three Prairie Lakes 
Darryl Lynn Jongsma 
Follow this and additional works at: https://openprairie.sdstate.edu/etd 
Recommended Citation 
Jongsma, Darryl Lynn, "The Effects of Fathead Minnows and Yellow Perch on Nutrient Concentrations, 
Phytoplankton, and Zooplankton Populations in Three Prairie Lakes" (1981). Electronic Theses and 
Dissertations. 4037. 
https://openprairie.sdstate.edu/etd/4037 
This Thesis - Open Access is brought to you for free and open access by Open PRAIRIE: Open Public Research 
Access Institutional Repository and Information Exchange. It has been accepted for inclusion in Electronic Theses 
and Dissertations by an authorized administrator of Open PRAIRIE: Open Public Research Access Institutional 
Repository and Information Exchange. For more information, please contact michael.biondo@sdstate.edu. 
THE EFFECTS OF FATHEAD MINNOWS AND YELLOW PERCH 
ON NUTRIENT CONCENTRATIONS, PHYTOPLANKTON, AND 
ZOOPLANKTON POPULATIONS IN THREE PRAIRIE LAKES 
by 
DARRYL LYNN JONGSMA 
A thesis submitted 
in partial fulfillment of the requirements for the 
degree, Master of Science, Major in Biology 
South Dakota State University 
1981 
THE EFFECTS OF FATHEAD MINNOWS AND YELLOW PERCH 
ON NUTRIENT CONCENTRATIONS, PHYTOPLANKTON, AND 
ZOOPLANKTON POPULATIONS IN THREE PRAIRIE LAKES 
This thesis is approved as a creditable and independent 
investigation by a candidate for the Master of Science, and is accep-
table in meeting the thesis requirments for this degree, but without 
implying that the conclusions reached by the candidate are necessarily 
the conclusions of the major department. 
Lois J. Haertel 
Thesis Advisor 
Ernest J. Hugghins 
Head, Department of Biology 
Date 
ACKNOWLEDGEMENTS 
I wish to express my appreciation to my major advisor, Dr. Lois 
Haertel for her crit icisms and guidance that made this study possible. 
I also wish to thank Dr. Gary Peterson and Dr. Gerald Myers for their 
assistance and concern throughout the study. I thank Randy Hauptman 
for his assistance in counting algae and collecting data. I want to 
thank Dr. Lee Tucker, Experiment Station statistician, for performing 
the statistical tests. I appreciate the encouragement given to me by 
my parents and many faculty members and graduate students in the 
biology department. I want to give a special thanks to Sharon 
Peterson , a fellow graduate student , for her encouragement in times of 
frustrat i on. 
Finally, I would like to express my deepest appreciation to 
Rodney Bindert for his many hours of assistance and also for his very 
patient cooperat ion. 
This study was made possible through support by the South Dakota 
Water Resources Institute, OWRT , US DI, Project A-061-SDAK. Additional 
support was given by the South Dakota Experiment Station project 
7105-873. 
--dj 
THE EFFECTS OF FATHEAD MINNOWS AND YELLOW PERCH 
ON NUTRIENT CONCENTRATIONS, PHYTOKPLANKTON, AND 
ZOOPLANKTON POPULATIONS IN THREE PRAIRIE LAKES 
Abstract 
Darryl Jongsma 
The effec t of fi sh po pulations on water quality was investigated 
in six replicated experiments in Lakes Oak, Hendricks, and Cochrane 
(South Dakota). Changes in nutrie~t chemistry, changes in phytoplank-
ton population s, and ending zooplankton populations were measured in 20 
liter semi-transparent polyethylene containers suspended at medium 
depths i n a lake for 3-9 days. Controls containing natural lake water 
were compared with t rea t ments containing natural lake water into which 
vary ing numbers of ye llow perch (Perea fluviatilis flavescens) or 
fathead minnows (Pime phales promelas) had been introduced. 
In ind ividual expe r i ments the four measured forms of nitrogen 
were signifi cantly increased in the presence of either fish species i n 
7 of 12 t e sts and the two measured forms of phosphorus were signifi-
cantly inc r e ased in the pre s ence of either fish species in 3 of 6 
tests. Signif icant red uc tions i n zooplankton populations were 
observed i n 3 of 6 t e s ts in the presence of fish. Significant 
increases in chlo r ophyll a were al so observed in 3 of 6 tests in the 
presenc e of fi sh. 
When t he results f rom different experiments were combined, posi-
tive significant correlations were observed between minnow Q·omass and 
changes in a l l nutr ient parame te r s, total algal cells, and chlorophyll 
a. Perch e xperiments were not combined because of the greatly dif-
ferent s i zes of f i s h used i n different experiments. 
Both species of fish appeared to stimulate phytoplankton growth 
by excreting available nutrients and reducing zooplankton populations. 
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INTRODUCTION 
Many prairie lakes experience extensive phytoplankton growth as 
a result of high nutrient concentrations and low predation pressure. 
In late summer, when certain species of blue-green algae are 
dominant, the blooms may become so extensive that an entire lake will 
take on a green "pea soup" appearance and water clarity will be 
substantially reduced. These conditions make many lakes in this 
region unappealing for recreational activities such as fishing, 
boating, skiing, and swimming. Furthermore, decomposition of so large 
an algal population will result in depletion of oxygen levels within 
the lake, sometimes resulting in winter fish kills. With incomplete 
decomposition, this non-living material becomes part of the sediment 
and contributes toward the filling in of a lake. 
Three lakes in eas t ern South Dakota were selected for this 
study. Lakes Oak and Hendricks are hypereutrophic, due to high 
nutrient concentrations, massive phytoplankton growth, and reduced 
water clarity. Lake Cochrane, however, is only moderately eutrophic 
in comparison to the other two lakes. Lower nutrient levels and phy-
toplankton abundance result in increased water clarity and greater 
public utilization of this lake. Nutrient influx from erosion may be 
partially responsible for the eutrophication process in all three 
lakes. Consequently, sediment control dams have been constructed 
adjacent to Lake Cochrane as part of an attempt to prevent further 
degradation of this lake. 
However, almost 50 years ago the potential role of fish popula-
tions was also recognized as a regulator of a lake's trophic condition 
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(Clements and Shelford, 1939). Management of these fish populations 
could represent an additional means of controlling large algal popula-
tions or "blooms" in eutrophic prairie lakes, since many may be 
self-sufficient in nutrient levels (Haertel, 1979). 
This study examines the role of two species of forage fish, 
yellow perch (Perea fluviatilis flavescens) and fathead minnows 
(Pimephales promelas) in affecting algal abundance within a lake. The 
study was conducted between May, 1979, and August, 1979, and compared 
enclosures with increased fish or zooplankton concentrations with 
control enclosures. The major objective of this study was to deter-
mine if increased abundance of fish was correlated with changes in 
nutrient levels, phytoplankton, and zooplankton populations. 
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LITERATURE REVIEW 
Eutrophic lakes are rich in nutrients and support large algal 
populations which greatly reduce water clarity (Vollenweider, 1969). 
The most undesirable but also most common symptom of eutrophication is 
the presence of massive growths of blue-green algae, oftentim~ 
referred to as blooms (Arnold, 1971; Helfrich, 1976; Shapiro, 1977). 
Many suggestions have been made as to the reasons why blue-green algae 
gain a competitive edge over other taxa of algae. Blue-greens are 
capable of fixing atmospheric nitrogen (Dugsdale & Ness, 1961), taking 
up C02 when the levels are low under high pH conditions (King, 1970; 
Shapiro, 1973; Shapiro, et al. 1975), releasing intracellular products 
that inhibit ingestion by zooplankters (Arnold, 1971), and excreting 
substances that inhibit the growth of other taxa of algae (Boyde, 
1973). In addition to high nutrient concentrations and large detri-
mental algal populations, eutrophic lakes often possess dense 
macrophyte growth, large populations of bullhead and carp 
(bottom-feeders), and stunted forage fish (Shapiro, 1977). 
Many attempts have been made to restore eutrophic lakes by the 
reduction or elimination of nutrient sources. Most restoration tech-
niques are aimed at reducing nutrient input into a lake from outside 
sources (Dunst et al., 1974; Shapiro et al., 1975), implying that 
nutrient influx into a lake is a major source of a lake's nutrient 
levels. If this is the case, a reduction of these outside nutrient 
contributions should result in the restoration of a lake. Tnis proce-
dure worked well in Lake Washington in Seattle (Edmondson, 1972), but 
failed in Lake Trummen in Sweden (Bjork, 1972). This expensive tech-
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nique ($130 million), worked i n Lake Washington because this lake had 
not yet establishe d i tself as being eutrophic (Edmondson, 1972; 
Shapiro, 1977 ). Long-established eutrophic lakes such as Lake Trummen 
contain sediments l oaded with nutrients and are self-sufficient in 
nutrient levels. Lakes in this advanced eutrophic condition arf: not 
restored by s imply reducing nutrient influx. 
Studies have shown that organi sms characteristic of eutrophic 
lakes are capable of releasing nutr ients from the sediments back into 
circulat i on in the water column. Thus, complete restoration would 
involve restructuring the biological communities within the lake 
itself (Shapiro et al., 1975). 
Lie ( 1978) experimented wi th aquatic macrophytes in Shagawa 
Lake in Minnesota . His studies showed that the macrophytes took up 
nutr i en t s from the sediment and recycled them back into the water. 
Five t housand kg. of phosphorus was f ound to be recycled each year, 
which was approximately as much as the EPA phosphorus removal plant 
was removing from sewage inf l uent . 
Lama rra (1 975), performed enclosure experiments in several 
lakes in Minnesota, and found that populations of bottom-feeding fish 
(carp) dramatically increased phytoplankton abundance by excretion of 
phosphate and ammonia . 
r urlbert et a l . ( 1972), suggested that forage fish possibly 
have a more profound effec t on increasing productivity than any other 
factor. The fi s h continuous l y recycle nutrients which can be taken up 
for further a lgal growth (Kitchell, et al. 1979). In addition to 
their excretory acti vities, the f eeding activi ties of forage fish also 
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contribute to increased algal abundance by reducing the zooplankton 
populations which graze on the algae. Reductions in zooplankton popu-
lations were attributed to fish species in the following cases; 
roaches in a Swedish lake (Hendrickson, et al. 1980), fathead minnows 
in wastewater treatment ponds in Michigan (Helfrich, 1976), mos~uito­
fish in experimental pools in San Diego (Hurlbert, et al. 1972), 
alewife in Lake Michigan (Wells, 1970), perch in Czechoslovakian 
reservoir (Rozmajzolova-Rechackova, 1966), alewife and blue-black 
herring in Connecticut lakes (Brooks and Dodson, 1965), and bass in 
a Czechoslovakian river (Hrbacek, et al. 1961). 
The composition of a zooplankton population has also been found 
to change in the presence of fish (Dodson, et al. 1976; Stenson, 1976; 
Hurlbert et al. 1972; Hall, et al. 1970). The fish first fed on the 
larger zooplankton species, cladocerans and copepods, which greatly 
reduced their numbers. These reductions in cladoceran and copepod 
populations permitted a temporary increase in the number and variety 
of the smaller rotifers. Later, the rotifer population was reduced 
due to a lack of food. 
Enclosure experiments have been conducted in various lakes and 
have given further proof that the presence of forage fish increase 
algal abundance. Shapiro, et al. (1975), used enclosures to 
demonstrate that a perch population significantly increased algal 
populations in Lake Emily in Minnesota. Lamarra (1975) also used 
enclosures to demonstrate the effect of perch on water quality in 
Williams Pond in Minnesota. In his study, enclosures containing perch 
were compared with enclosures fertilized with nutrients equivalent to 
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levels of nutrients excreted by the perch. Results showed low algal 
abundance in spi te of high nutrient concentrations in the fertilized 
enclosure, while the presence of perch in the other enclosures drama-
tically stimulated productivi ty . This suggested that high nutrient 
concentrations were not the only factors that affected algal 
abundance. The zooplankton act ively grazed on the algae in the fer-
tilized enclosures, which limited algal abundance even under enriched 
conditions. In the perch treatment, however, the perch preyed on the 
zooplankton and reduced their numbers, which resulted in less intense 
grazing on the algae. 
Restoration of establ ished eutrophic lakes by the reconstruc-
tion or manipulation of the biota has been approached in a number of 
ways. The ultimate goal of res toration is to decrease algal abundance 
and increase water clarity. 
Direct alteration of algal populations was performed by Symons 
(1969) by artificial circulation of lakes. This resulted in a shift 
from undesirable blue-green algae to desirable green algae and 
diatoms. Shapiro (1973) also demonstrated a shift from blue-green 
algae to green algae by adding COz and lowering the pH along with fast 
circulation of the water. These methods do work but the costs are 
high, and since nutr ients are constantly being generated in a lake the 
procedure would have to be performed each year (Symons, 1969; Shapiro, 
1973). 
Shapiro (1978) suggested that in those lakes that po~sess 
extensive macrophte growth, removal techniques would help reduce 
available nutrient leve l s needed for algal growth. Shapiro also 
stated that since bottom-feeding fish recycle nutrients from the 
sediment, el i minat ion of these fi sh by means of trap-netting, 
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rotenone, specifi c fish toxicants, and winter kills would be beneficial. 
Another approach to lake r e storation is to try to enhance the 
grazing activi tie s of zooplankton by increasing zooplankton abundance. 
A direct method involved the use of pantothenic acid which increased 
the fecundi ty of certain species of zooplankton as Daphnia pulex 
(Fritsch, 1953; Murphy, 1970). Thi s method worked but again the costs 
were very high. Many indirect techniques were also used to increase 
zooplankton abundance by reduci ng the number of forage fish which prey 
on the zooplankton (Helfrich, 1976 ). General and specific toxicants 
were used t o reduce t he numbers of f orage fish (Shapiro, 1978), but 
these methods were not of t en practical and long-term effects were 
not well known. The cheape s t and most beneficial technique which 
reduced overpopulations of fora ge fi sh was the introduction of preda-
tory f ish or pisci vores . St ud ies tha t involved these carnivorous 
fishes showed that their introduction helped to maintain the natural 
balance of a lake and greatly decrease phytoplankton populations 
(Zaret and Paine , 1973; Gammon and Hassler, 1965; Schmitz and Hetfeld, 
1965). These fi sh altered eac h trophic level below them by reducing 
the numbe r s of forage fish , which allowed for an increase in zooplank-
ton abundance and a significant decrease in phytoplankton abundance. 
The final e ffect was an increase in water clarity. 
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RESEARCH AREA 
A. Lake Cochrane 
Lake Cochrane is located in southern Deuel County. It occupies 
an area of 149 hec tares, with a maximum depth of 7.9 meters and a mean 
depth of 3.9 meters (Brich, 1978 ). There is very little surface 
drainage or agricul tural runoff ; the watershed is only 202 hectares 
(Deuel County Soil Conservation Serv i ce, unpublished). Approximately 
two-thirds of the shoreline is developed with cabins and resorts, and 
the lake is used extensively throughout the summer for recreational 
purposes. The lake is moderately eut rophic and experiences increased 
blue-green algal concentrations in l ate summer (Haertel, 1976). 
Anacystis incerta is the predomi nant algal species. Lake Cochrane 
does not experience winter kill , so a diverse population of fishes 
including large numbers of stunted perch is sustained throughout the 
year. 
B. Lake Hendricks 
Lake Hendr icks is located in the northeast corner of Brookings 
County. It s a r ea i s 630 hectares and its maximum depth is 2.4 meters, 
with a mean de pth of 1.8 meters (Brich, 1978). The watershed is 
rather extensive , includi ng 14 , 815 hectares (Steinberg, 1972). Eroded 
pastures and cultivated f ields of nearby farms provide one source of 
nutrients int o the lake. Lake Hendricks is a hypereutrophic lake sub-
ject to late summer blooms of undesirable blue-green algae, 
Aphanizomenom holsatica and l esser quant i ties of Anacystis incerta. 
Recreat i ona l use and aes t hetic value is marred by the overwhelming 
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presence of these nuis ance species. Lake Hendricks occasionally 
experiences winter kill of fish , the most recent being during the 
winter of 1977-78. Durin g 1979 , however, bullheads reestablished 
themselves in Lake Herdricks. 
C. Oak Lake 
Oak Lake is also located in the northeast corner of Brookings 
County and is approximately 3,4 17 meters in length and 854 meters 
wide. The area of the lake was found to extend over 193 hectares 
(Remote Sensing Institute, personal communication). The greatest 
depth found by sounding was 2 meter s. The shoreline is mainly 
occupied by tree and shrub growth; the only development is one 
farmstead and the Oak Lake Girl Scout Camp. The lake is 
hypereutrophic and supports a large population of blue-green algae, 
primarily Anacyst is incerta and lesser quantities of Agmenellum 
thermale, as wel l as dense growths of rooted vascular plants. In 1978 
and 1979, both yea rs prior to this study, Oak Lake experienced a 
winter fish kill, but both times a minnow population survived and 
reproduced very successfully during the summer. Recreational use of 
the lake is minimal due to dense growth of submerged aquatic 
vegetation, turbidity of the water caused by strong winds mixing bot-
tom sediments in the relatively shallow water, high concentrations of 
algal material, and the unpleasant aroma of dead fish washed up along 
the shoreline following a winter kill. 
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MATERIALS AND METHODS 
Six in-situ water qua l ity experiments were conducted during the 
spring and summer of 1979 (Table 1). Four treatments were compared in 
Oak I and Hendricks I, and three treatments in Cochrane I, Oak II, 
Hendricks II, and Cochrane II . Quadruplicates of each individual 
treatment were established in five gallon transparent polyethylene 
containers, and set out for varying periods of time. Water was pumped 
into the containers using a PVC bilge pump. The water used to fill 
each container was taken partly from the surface and partly from a 
depth of one and one-half meter s in order to accurately represent 
water at di fferen t depths . The containers were clamped onto metal 
rings attached t o a ro pe having an anchor at the opposite end. The 
rope with t he at tached containers was lowered into the lake, immersing 
the containers to a depth of approximately one meter so that photo-
synthesis could occur without excess heating i nside the containers. 
Each set of enclosures was suspended in moderately shallow and 
secluded portions of each l a ke so a s not to cause an obstruction for 
any recreational activi t ies. 
A. Experimental Treatments 
One set of containers in each experiment included lake water 
with its natural density of alga e and zooplankton and served as the 
control treatment . 
Two sets of enclosures in each experiment contained a fish 
treatment in which variable concentrations of minnows or perch were 
added to containers filled wi th natural lake water. The minnows were 
Table 1. Sampling Dates, Sampling Intervals, Treatment Descriptions, and Biomass of Fish Treatments. 
Spring Experiments: Starting Date Sampling Interval 
Oak I 5/15/79 7 days 
Hendricks I 5/22/79 9 days 
Cochrane I 5/30/79 5 days 
Summer Experiments: 
Oak II 7/13/79 4 days 
Hendricks II 7/17/79 3 days 
I 
Cochrane' II 7/10/79 3 days 
Treatment 
Control 
Filtered water 
5 Minnows 
10 Minnows 
Control 
Average Fish Biomass/ 
Treatment (grams) 
7.3 
8.4 
Concentrated zooplankton 
10 Minnows 10.2 
15 Hinnows 15.3 
Control 
10 Minnows 5.1 
2 Perr:h 16.5 
Control 
10 Minnows 9.6 
3 Perch 6.4 
Control 
5 Minnows 8.4 
10 Minnows 15.4 
Control 
10 Minnows 12.7 
3 Perch 18.5 ...... 
...... 
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obtained from a l oca l bait farm and transported to the lakes in 
oxygen-filled plast ic bags , assuring healthy active minnows for each 
experiment. Perch were obtained by beach seining along the north 
shore of Lake Cochrane. 
The spring experiment in Oak Lake (Oak I) also included a set 
of containers in which the water was filtered through a #12 mesh net, 
removing most of t he larger zooplankt on to considerably decrease 
grazing activity . 
In the spring exper iment in Lake Hendricks (Hendricks I), one 
set of enclosur es wa s enriched with approximately 180 additional 
zooplankton (primarily larger s pecies ), to enhance grazing activity. 
The number added was estimated by determining the difference in the 
ending concentrat ion of zooplankton between the enriched treatment and 
the control. These additional zooplankton were obtained from 
zooplankton tows on Lake Hendricks taken with a Clarke-Bumpus sampler. 
B. Counts and Measurements 
Samples for water chemis try, chlorophyll~ analysis, and algal 
cell counts were taken from each container before and after each 
experiment. Individual sample bottles were filled with a bilge pump at 
intervals while pumping water into each container. At the end of the 
incubation time, each container was removed from the lake, inverted to 
allow mixing of the contents, and individual sample bottles were again 
filled for each of these parameters. 
Water chemistry was only analyzed in the spring experiments. 
Chemical parameters measured included silicon (Heteropoly Blue), 
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nitrate (Brucine ), ammonia (Direct Nesslerization), organic nitrogen 
(Kjeldahl), total nitrogen (Kjeldahl) , orthophoshate (Stannous 
Chlor ide), and total phosphate (Persulphate Digestion followed by 
Stannous Chlorid e Determinat ion). All chemical tests are in accor-
dance with the American Public Health Assocation (1971). 
Chlorophyll a was measured in all six experiments ~sing the 
Strickland- Parsons (1968) method. 
Algal cell count samples were also taken in all six experiments. 
The cell count data from Cochrane I was subsequently lost and could 
not be included. Algal samples were preserved in Lugol's solution and 
stored for later identification. One ml of the preserved sample was 
placed in a Sedgewick Rafter counting chamber, inverted for 15-20 
minutes to allow settling, and counted until 100 individuals of the 
most numerous species were recorded (Lund et al., 1958). 
At the end of each experiment the contents of each container 
were strained through a #10 mesh net. Absolute concentrations of the 
zooplankton species were th~n determined by counting according to the 
method by Edmondson and Winberg (1971). 
The fish from each container were extracted ~~th a net, after 
which they were anesthetized with chloroform and alcohol and preserved 
in jars containing formalin. Total fish biomass per container was 
determined by collectively weighing all the fish in each container 
(Table 1). 
C. Statistical Analys is 
Samples for parameters regarded as dependent variables; algal 
~~ 5374 
14 
cell counts, chlorophyll a, and nutrients, were taken from each con-
tainer at the beginning and the end of each experiment. The differen-
ces (+ or -) in concentrations of these parameters were used in all 
statistical tests. 
Samples for zooplankton and fish biomass were measured at: the 
end of each experiment. Absolute concentrations of these variables 
were used in each statistical test. 
Individual parameters that were significantly different between 
treatments within an experiment were determined by a least squares 
analysis of variance (Steel and Torrie, 1960). Dunnett's test was 
then performed on variables significant at the .05 level to indicate 
which of the treatments were significantly different from the control 
(Steel and Terrie, 1960). 
Linear correlations were determined between fish biomass and 
absolute zooplankton concentrations. Also, correlations were deter-
mined between fish biomass and the differences in algal abundance, 
nutrient concentrations, and chlorophyll~ (Steel and Torrie, 1960). 
Simple linear regression of nutrients, chlorophyll ~, and 
classes and species of algae was performed using the concentration of 
fish biomass (grams) as the independent variable (Steel and Torrie, 
1960). Predictive equations were developed for those nutrient and 
algal parameters that were significantly correlated with perch or min-
now biomass in separate experiments. Predictive equations were also 
developed for those variables that were significantly correlated with 
minnow biomass in combined experiments. Perch biomass was not 
15 
analyzed in combined experiments because of the size differences of 
the individual perch tietween experiments, and the different expected 
metabolic rates per gram of dif ferent sized organisms (Odum, 1971). 
16 
RESULTS 
A. Least Squares Analysis of Variance and Dunnett's Test 
Bar graphs were constructed to give the average of each major 
variable in each treatment . Corresponding tables show which results 
were significant in a Least Squares Analysis of Variance (ANOVA) and 
Dunnett's Test. 
1. Nutrient Concentrations 
Silicon was depleted in every fish treatment in all three 
spring experiments (Figure 1). Levels were significantly different 
from the control in the 5- and 10-minnow treatments in Oak I (Table 2). 
Total nitrog en levels were increased in every fish treatment in 
all three spring experiments (Figure 2). Significaut (.10 level) dif~ 
ferences were observed between treatments in Oak I, where total nitro-
gen was increasingly enhanced in the filtered water, 5-minnow and 
10-minnow trea t ments respectively (Table 2, ANOVA). Significant dif-
ferences were also present in the 15-minnow treatment in Hendricks I 
(Table 3). · The highest sigLificant increase in total nitrogen in any 
fish treatment (10.6 ppm), was observed in the 2-perch treatment in 
Cochrane I (Table 4). 
Ammonia concentrations were increased in every fish treatment 
in all three spring experiments (Figure 3). Increases were signifi-
cantly different oniy in Cochrane I where an increase of 7.5 ppm was 
observed in the 2-perch treatment (Table 4). 
Organic nitrogen was increased in every fish treatment 1n the 
spring experiments except the 10-minnow treatment in Cochrane I in 
which it was depleted (Figure 4). Increases were significant in the 
Figure 1. Mean changes in silicon concentrations {ppm) for the spring experiment in each lake. 
(Numbers over bars=# of fish; C =concentrated; F =filtered). 
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Table 2. Significant Results of Least Squares Analysis of Variance and Dunnett's Test in the 
Spring Experiment in Oak Lake. 
Experimental Treatments 
OAK I Control Filtered 5 Minnows 10 Minnows Fa 
I . Least Squares Analysis of Variance: 
Nutrients (ppm) 
Silicon - 0.1 - 0. 9 - 1..8 - 2 .. 7 18 .. 2** " 
Total Nitrogen 0.1 0 . 5 0 . 6 0 .. 9 4~3-r-
Chlorophyll ~ (ppb) - 6.5 - 7. 9 9.0 13.2 4.0+ 
Algal Cells (103/ml) 
Diatoms: 
Cyclotella sp. - 1. 1 0 . 4 6 . 1 2. 9 4.7* 
Greens: 
Schroederia sp. 5.1 - 3.9 - 4.3 - 8.2 3. 7+ 
Zooplankton (#/1) 32. 153. 14.9 6.8 4.6* 
Copepods: 129. 144. 13.5 6.9 4.7* 
Cyclops sp. 
copepodites 128. 104. 10.6 7.3 4.8* 
Copepoda nauplii 1.0 39.2 2.9 0.4 11.2** 
Rotifers: 1. 3 7.6 0.8 0.2 3.8+ 
AsElanchna sp. 0.9 4.0 0.1 0.4 12.4* 
........ 
00 
Table 2. (continued) 
II. Dunnett's Testb: 
Control Filtered 5 Minnows 10 Minnows 
Silicon 0.1 - 0.9 - 1.8 - 2.7 --
Control Filtered 10 Minnows 5 Minnows 
Cyclotella sp. 1. 1 0.4 2.9 6.1 
Control 10 Minnows 5 Hinro•..vs i•il t .  e<sd 
Zooplankton 132. 6~8 ; L. .• e 1. 53 ,~ 
• ..---.. ----·-....-..-. ..._.._._ ___ ... ..... 
Control 5 M.:tnno·.Js J. 0 .\'1i nno ws Fil ~-~--::~T?. C 
Asplanchna sp. 0.9 (L 1. 0~4 £.- .. G -------
Control Filtered 5 Minnows 10 Minnows 
Cyclops copepodites 128. 104. 10 .6 7.3 
Control 10 Minnows 5 Minnows Filtered 
Copepoda nauplii 1.0 0.4 2.9 39.2 
Legend: asignificance of difference between treatments, least squares analysis of variance, 
***.001, .01**, .05*, .1o+ 
hcomparison of various treatments with the control at the .OS level. Those treatments 
individually underscored are significantly different from the control. If all treatments are 
underscored, there is variance between manipulated treatments, but no treatment varies signi-
ficantly from the control. 
...... 
\0 
~ 
Figure 2. Mean changes in total nitrogen concentrations (ppm) in the spring experiment in each 
lake (numbers over bars= # of fish; C =concentrated; F =filtered). 
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Table 3. Significant Results of Least Squares Analysis of Variance and Dunnett's Test in the 
Spring Experiment in Lake Hendricks. 
Experimental Treatments 
HENDRICKS I Cont rol Cone . Zoopl . 10 Mi nnows 15 Minnows Fa 
I. Leas t Squares Analysis of Variance : 
Nutrients (ppm) 
N03-Nitrogen - G .. Cil o. o:~ ,., r;.-""' '),. ,,_ 3 {; _, l• •.)., ;_1t) 
Organic Nitrogen 0 .. 9 : 2~5 5 ~ l li ~ '?* 
Total Nitrogen L3 i. G: ;;.· 4.2 9 .. 5 Zi.B* 
Total Phosphate 0 .. 4 0 .. 3 1.3 3.5 7.8+ 
Chlorophyll ~ (ppb) 18.3 18.9 96.8 158.2 13 . 0* 
Algal Cells (103/ml) 
Diatoms: 15.6 24.1 122.5 50.1 101.5*** 
Cyclotella sp. 3.6 3.9 3.4 20.8 7.2+ 
Synedra rupkins 1.7 1.7 5.6 0.6 11.2* 
Blue-greens: 20.7 41.1 34.1 50.9 12.6* 
·zooplankton (#/1) 52.5 231.1 31.5 7.5 17.5* 
Cladocerans: 28.4 160.4 18.8 5.3 26.8* 
Daphnia sp. 28.2 159.9 18.6 5.2 26.3* 
Copepods: 
Cyclops sp. 
copepodites 23.8 15.3 14.8 4.0 6.9+ N 
Copepoda nauplii 0.1 3.3 0.1 0.1 7.6+ 
~ 
Table 3. (continued). 
Organic Nitrogen 
Total Nitrogen 
Chlorophyll a 
Diatoms 
Syned r a rupkiD_:s 
Blue-greens 
Zooplankton 
Cladocerans 
Daphnia sp. 
Legend: Same as Table 2. 
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Table 4. Significant Results of Least Squares Analysis of Variance and Dunnett's Test in the 
Spring Experiment in Lake Cochrane. 
COCHRANE I 
I. Least Squares Analysis of Var iance: 
Nu t r ients (ppm ) 
NH3-Nitrogen 
Organic Nitrogen 
Total Nitrogen 
Orthophosphate 
Total Phosphate 
Zooplankton (#/1) 
Cladocerans : 
Copepods: 
Cyclops sp. 
copepodites 
adults 
Diaptomus sp. 
copepodites 
adults 
Copepoda nauplii 
Control 
t'•, • 
_, f• -~ 
/. 
,, 
J ' {" ! 
i.J 8 1. 
260. 
71.6 
83.9 
21.4 
1.7 
50.5 
6.0 
4.3 
Experimental Treatments 
10 Minnows 2 Perch Fa 
., "! ·, ,. ~""~ • ;·= ":1 ~, .... ~ i":t: r 
,_.) •I .+ 
~ ~ 
,:.,·. (; f.·~~:. 
" · -~· r'} ~ (; ()(; "' t?~ .. {-::.q; ~ • -.A~ 
0,1 '} <.;' ·'- <• ) 8 .. 5* 
0 .. 2 4 .. 5 ! . 4* 
131 . 46. 6 5.3* 
0. 1 0.4 4.0+ 
20.2 10.3 86.6*** 
7.6 3.3 20.9** 
o.o o.o 4.2+ 
1.1 4.4 59.4*** 
o.o 0.5 20.9** 
11.7 2.1 4.0+ N w 
Table 4. (continued). 
NH3-Nitrogen 
Total Nitrogen 
Orthophosphate 
Total Pho sphat e 
Zooplankton 
Cope pods 
Cyclops copepodites 
Diaptomus copepodites 
Diaptomous adults 
Legend: Same as Table 2. 
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Figure. 3. Mean changes in ammonia concentrations (ppm) in the spring experiment in each lake 
(numbers over bars=# of fish; C =concentrated; F =filtered). 
coon 
c~--~~~-] 
)IJJtiFtUTrn 
ZOO?JJ:{H~J 
t: j) ;~ ~: j; \ \~; ~; ~ ;~} ~ \ ~\~ ~ \ \; l ~ ~\\ ~l \ m 
MH~!J'JiS 
8 
7 t 
fi ~ 
I 
5 l 
. ~ 
r 
' 
tk1ill1lHTI~ 3 
PERot 2 
tl//lll1 1 
B 
-1 
2 
~ 
~/ /j 
~ I j 
f __ ,~!; 
5 
: 
• _.':! 
;; /!l 
:·./ ~~ 
' ~ 
f\'l 
l! ~~~ 
10 
5 
F 
DAKI ~IDRICKS I COCffi.A J E I 
N 
U1 
• 
Figure 4. ~1ean changes in organic nitrogen concentrations (ppm) in the spring experiment in each 
lake (numbers over bars=# of fi sh; C =concentrated; F =filtered). 
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15-minnow treatment in Hendricks I (Table 3) and in the 2-perch 
treatment in Cochrane I (Table 4, ANOVA). 
27 
Nitrate was significantly increased in the 15-minnow treatment 
in Hendricks I (Table 3,ANOVA), but not significant in other treatments 
(Figure 5). 
Total phosphate was increased in every fish treatment in the 
spring experiments (Figure 6). Significant increases occurred in the 
15-minnow treatment in Hendricks I (Table 3,ANOVA) and in the 2-perch 
treatment in Cochrane I (Table 4). 
Orthophosphate was increased in every fish treatment in the 
spring experiments (Figure 7). However, the only significant increase 
was found in the perch treatment in Cochrane I (Table 4). 
2. Algae Concentrations 
Chlorophyll ~ was increased in every fish treatment in all six 
experiments (Figure 8). Greater increases were observed in the minnow 
treatments than in the perch treatments. The experiments in Oak I, 
Hendricks I, and Hendricks II compared two concentrations of minnows. 
In all three experiments the differences were significant (.10 and .05). 
The greater increases in chlorophyll ~ were observed in the minnow 
treatment with the greater concentrations of minnows (Tables 2, 3, 
5). 
Total algal cells were also enhanced in every fish treatment in 
all five experiments where algal cells were counted (Figure 9). The 
most substantial increases were observed in the minnow treatments. 
Because of high variability between replicates, the increase in total 
cells was not significant in any experiment. 
Figure 5. Mean changes in nitrate concentrations (ppm) in the spring experiment in each lake 
(numbers over bars= f.l of fish; C =concentrated; F;::; filtered). 
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Figure 6. Mean changes in total phosphate concentrations (ppm) in the sprinp, experiment in each 
lake (number$ over bars=# of fi s h; C =concentrated; F =filtered). 
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Figure 7. ~1ean changes in orthophosphate concentrations (ppm) in the spring experiment in each 
lake (numbers over bars=# of fish; C =concentrated; F =filtered). 
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Figure 8. ~1ean changes in chlorophyll a concentrations (ppb) in the spring and summer experiments 
(numbers over bars ' = #of fish; C =concentrated; F = filtered). 
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Table S. Significant Results of Least Squares Analysis of Variance and Dunnett's Test in the 
Summer Experiment in Lake Hendricks. 
HENDRICKS II 
I. Least Squares Analysis of Vari ance: 
Chlorophyll ~ (Eph) 
Algal cells (10 3 /ml) 
Di.atoms: 
S yn €d ~. -~~.~t~ 
Zooplankton (#/1) 
Cladocerans : 
Chydorus sp. 
Copepods: 
Cyclops sp. 
adult s 
Diaptomus sp. 
adults 
Copepoda nauplii 
Control 
(: rc ~~ 
11.4 
2. 3 
0.2 
3.1 
2.0 
Experimental Treatments 
S Minnows 10 Minnows Fa 
!.: , I ' _,_}, 
~I .-; ll.,~t ·~ f~~ 4:~ 
:,"'. 4 .. 3 :~ .. 2+ 
1.7 0.2 4.1+ 
o.s 0.6 17.5* 
0.0 0.1 4.1+ 
2.3 1. 0 6.0* 
0.2 0.2 4.8+ 
w 
N 
Ta ble 5. (continued) . 
Control 
Diatoms 2.6 --
Control 
Diaptomous adults 3.1 
ContrGJ 
2.3 -·-· _, ____ ~ Chydoru~ sp. 
-~-.-------~------- ------
Legend: Same as Table 2. 
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Figure 9. Mean changes in total algal concentrations (10
3
/ml) in all experiments except 
Cochrane I (numbers over bars= # of fish; C =concentrated; F =filtered). 
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Total greens ( Chlorophyceae) were little affected by fish in 
Oak I and Cochrane II, but were considerably increased in the minnow 
treatments i n Hendricks I and Oak II ( Fi gure 10). The increase was 
signi f icant i n the minnow treatment i n Oa k II (Table 6). However, 
because of high variability between r e plicates the increase in to t al 
greens was no t significant in any other experiment. One green, 
Schroederia sp., was significantly depleted in the 10-minnow treatment 
in Oak I (Ta b le 2, ANOVA). Unident i fie d Chlorella-like greens were 
signif i can t ly enhanced in the minnow t r eatment in Oak II (Table 6, 
ANOVA). 
Tota l diatoms (Bacillariophyc eae) were increased in every fish 
treatmen t except the 10-minnow treatment in Cochr ane II (Figure 11). 
The most substantial increases were ob s erved in the minnow treatments 
in Hendrick s I and Oak II. Significan t increases were found in the 
10-minnow treatment in Hendricks I ( Ta ble 3), in the 10-minnow treat-
ment in Oa k II (Table 6), and in both the 5- and 10-minnow treatments 
in Hendrick s II (Table 5). Cyclotella sp. ( Figure 12), an abundant 
diatom, was significantly increased in the 5-minnow treatment in Oak I 
(Table 2), and in the 15-minnow trea t me n t in Hendricks I (Table 3, 
ANOVA). Other less populous diatoms were also increased in certain 
minnow treatments . Synedra rupkins wa s significantly inc~eased in the 
10-minnow treatment in Hendricks I (Table 3). Syne dra ulna, showed a 
significant increase in the minnow treatments in Hendricks II (Table 5, 
ANOVA). Navicula sp. was signi f icantly enhanced in the 10-minnow treat-
ment in Oak I (Table 6). 
Blue-green ( Cyanophyceae ) growth was increased in every fish 
Figure 10. Mean changes in total green algal concentrations (103/ml) in all experiments except 
Cochrane I (numbers over bars=# of fish; C =concentrated ; F =filtered). 
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Table 6. Significant Results of Least Squares Analysis of Variance and Dunnett's Test in the 
Summer Experiment in Oak Lake. 
Experimental Treatments 
OAK II Control 10 Minnows 3 Perch Fa 
I. Least Squares Analysis of Variance: 
Algal Cells (103/ml) 
Greens: 18.5 120.4 37.2 9.1* 
Unid. chlorella-like cells 9.4 77.6 10.7 3.9+ 
Diatoms: -6.5 77.0 22.9 5.9* 
Navicul~ sp. 0.7 10.2 0.6 3.7* 
Zooplankton (#/1) 
Copepods: 
Cyclops sp. 
copepodites 2.4 0.0 1.7 5.4* 
Rotifers: 
Keretella sp. 1.6 0.0 0.0 11.4* 
Asplanchna sp. 2.1 3.4 o.o 3.7+ 
w 
......... 
Table 6. (continued). 
-
Control 
Greens 18.5 
Control 
Diatoms -6.5 
Control 
Navicula sp. 0.7 
Control 
Cyclops copepodites 2.4 
Control 
Keretella sp. 1.6 
--
Legend: Same as Table 2. 
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Figure 11. Hean changes in total diatom concentrations (103/rnl) in all experiments except 
Cochrane I (numbers over bars=# of fish; C =concentrated; F =filtered). 
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Figure 12. f1ean changes in Cyclotella sp. concentrations (10
3
/ml) in all experiments except 
Cochrane I (numbers over bars= fl of fish; C =concentrated; F =filtered). 
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Figure 13. r1ean changes in blue-green alr,al concentrations (10
3
/ml) in all experiments except 
Cochrane I (Numhers over bars=# of fish; C =concentrated; F =filtered). 
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treatment in all five experiments (Figure 13). Substantial increases 
were observed in the minnow treatments in Oak II and Hendricks II and 
also in the perch treatments in Cochrane II and Oak II. Because of 
variability between replicates, only the increase in the 15-minnow 
treatment in Hendricks I was significant (Table 3). A filamentous 
species, Aphanizomenom holsatica, was blooming during the summer 
experiment in Lake Hendricks, so the natural lake water used in this 
experiment contained large numbers of this species. Further mean 
growth of 132, 577, and 630 thousand cells/liter was found in the 
control, 10-minnow and 5-minnow treatments respectively. Despite the 
large growth differences between the control and the fish treatments, 
the additional growth in the fish treatments was non-significant. 
Anacystis incerta, a predominant colonial species, showed an increase 
in every fish treatment except the 10-minnow treatment in Hendricks II 
(Figure 14). The increase was significant in the 3-perch treatment in 
Cochrane II (Table 7). Lyngbya contorta, a filamentous species, 
showed a significant increase in the perch treatment in Cochrane II 
(Table 7, ANOVA). 
3. Zooplankton Concentrations 
When zooplankton abundance was determined at the end of each 
experiment, a substantially greater number of zooplankton were present 
in the controls than in most fish treatments (Figure 15). Exceptions 
were the minnow treatment in Hendricks II and the perch treatment 1 n 
Cochrane II. Most of the zooplankton that did survive in the fish 
treatments were small rotifers, predominantly Brachionus sp. The 
d 1 kt t
reatment in Hendricks I was enriched with 
concentrate zoop an on 
Figure 14. t1ean changes in Anacystis incerta concentrations (10
3
/ml) in all experiments except 
Cochrane I (numbers over bars= # of fish; C =concentrated; F =filtered). 
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Table 7. Significant Results of Least Squares Analysis of Var iance and Dunnett's Test in the 
Summer Experiment in Lake Cochrane. 
COCHRANE II 
I .. Least Squares Analysis of Variance: 
Algal Cells (103/mJ' 
Blue-greens: 
Anacys tis incerta 
Lyngbia contorta 
Zooplankton (#/1) 
Cladocerans: 
Ceriodaphnia sp. 
Copepods: 
Cyclops sp. 
copepodites 
adults 
Copepoda nauplii 
Rotifers: 
Asplanchna sp. 
Cent t:o1 
-55 .. 1 
- 5.0 
121.5 
13.0 
12.7 
52.7 
43.2 
0.7 
6.9 
55.7 
3.5 
Experimental Treatments 
10 Minnows 3 Perch Fa 
6 .. 1 14 .2 13 .. 0** 
-3.8 6.2 4.5+ 
0.9 46.7 16.4** 
0.2 6.5 15.3** 
0.2 5.7 16.7** 
0.5 26.3 16.9** 
0.4 17.0 15 . 3** 
0.0 o.o 4.6+ 
0.1 5.7 7.9* 
0.3 13.9 3.9+ 
0.1 0. 1 8. 6* 
+:"-
p 
Table 7. (continued). 
Anacystis incerta 
Zooplar '-:-.ton 
Cope pods 
Cyclops copepodites 
Copepoda nauplii 
Cladocerans 
Cer i odaphni a sp. 
Asplanchna sp. 
Legend: Same as Table 2. 
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Figure 15 . Ending zooplankton concentrations (#/1) i n the spring and summer experiments 
(numbers over bars=# of fish; C =concentrated; F =filtered). 
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cladocerans, primari ly Daphnia sp., and sustained a high population 
throughout the experiment. The filtered water treatment supported a 
large ending concentration of zooplankton. Rotifers and copepods in 
nauplii and copepodi t e stages were the major components of this 
po pulation. Their initial small sizes allowed them to pass through 
the #12 mesh net used t o filter out most zooplankters when the experi-
ment was placed in t he l ake. 
In Oak I t he zooplankton population showed significant variance 
be tween treatment s (ANOVA), with the highest population in the 
fi ltered wate r t reatment and the lowest populations in the minnow 
treatments (Table 2) . Concentrations of zooplankton were signifi-
can tly lower than the controls in the 2-perch treatment in Cochrane I 
and in the 10-minnow t reatment in Cochrane II (Tables 4, 7). 
The cladoceran population was significantly higher in the con-
centra ted zooplankt on t r ea t ment than in the control in Hendricks I 
(Table 3). Conversely, cladoceran concentrations were significantly 
lowe r than their respective controls in the 2-perch treatment in 
Cochrane I and in the 10-minnow treatment in Cochrane II (Tables 4, 7). 
Cladocerans also showed significant differences between treatments in 
Hendricks II (ANOVA), with the lowest concentratins in the minnow 
treatments (Table 5). 
Copepods showed significant differences between treatments in 
Oak I (Table 2, ANOVA). The highest concentration was in the filtered 
water treatment and the lowest concentrations were in the minnow 
treatments. The copepod populations were significantly lower than 
their respective controls in the 2-perch treatment in Cochrane I and 
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in the 10-minnow tre:auu · nt in Cochrane II (Tables 4, 7). 
In Oak I, tl"' rutlf!r population showed significant differences 
be tween trea tments · 1 ·:~·~)~r·\.) ~ -wi th the largest population in the 
fi l t ered wa te r tr r...~.:~~ . ·r.. .:.'rid t he smalles t populations in the minnow 
trea tment s (Table~~ ~t if .r populat i ons showed significant differen-
ces between trea .Ule -• n J •:t Cr1chrane I I (ANOVA), with the highest popu-
lation in t he cont ·-:: r ,:.td the lowest populat ion in the 10-minnow 
trea tment ( Ta 1• 7) 
I. Nutrient Conc.:;e~·ttr.-.~ · .tcn: i. 
Si l ic n shc;"(>i :·i _.:;.·d .. >.: icant negat ive correlations with minnow 
biomas s in Oak l, I.e.vJ ·lt· i·,.~; -, and Cochrane I, where 72, 60, and 72% 
of the dep le tion \<1: s ." ll 1: i butt::d to mi nnow biomass respectively (Tables 
8, 9) . Sixty- "'. \(-' ~·(· 1 (·l::'r · ' o .1 t:he de pletion was pred i cted in combined 
minnow exper im ntt• ( fabJ.·_ 1.U)., 
Tota l nitrogen sboq·.d ~· · gnifi cant posi tive correlations wi t h 
minnow biomas s in Oak I> terdricks I , and Cochrane I, where 35, 90, 
and 83% of he increase was attr ibuted t o minnow biomass respectively. 
Seventy- one percen t of the increase was predicted in combined minnow 
experiment s. Total nitrogen was significantly correlated with perch 
in Cochrane I , where 94% of the increase was pred i cted on the basis of 
perch bioma ss (Tables 8, 9). 
Ammonia showed significant pos itive correlations with minnow 
biomass in Hendricks I and Cochrane I , where 66 and 72% of the 
increase was at tributed to minnow bi omass respect i vely. Thirty-seven 
Table 8. Linear Correlation Coefficients (r) Between Fish Biomass and Measured Chemical and Biologi-
cal Variables Separated by Experiment and Fish Type. 
Oak I Hend I Coch I Coch II Hend II Oak II 
Variables Minnows Minnows Perch Minnows Perch Minnows Minnows Perch Minnows 
Silicon -.85** -. 77* - .. 11 - .. 85** 
NH3-Nitrogen • 47 .. 81* ~ .. H: .. o ... .85*;4 
N03-Nitrogen .20 .94** - .43 .. 32 
Organic Nitrogen .39 .98*** .86** -,.64+ 
Total Nitrogen .59+ .. 95** .97*** .. 91** 
Orthophosphate .37 .69+ ~ 93*** .. L~ 
Total Phosphate .41 .85* .. 92** .. 21 
Chlorophyll a .69* .89** .. 40 .39 .. 38 .. 79* . 82** . 23 • 57 
To tal Algal Cells . 33 .70* .59 .73* .20 .37 .81* 
Total Greens .87*** .63 .64 .57 .29 .54 .72* 
Total Diatoms • 57+ .37 .36 .OS .58+ .75* .63+ 
Cyclotella sp. .71* .44 .28 .20 .03 .42 .24 
Total Blue-greens .14 .53 .57 .70+ .17 .28 .80* 
Anacystis incerta .17 .28 .58 .77* -.21 .62 .60 
Total Zooplankton - .57+ -.67+ -.81* -.62 -.72+ -.86** .51 .17 .14 
Total Cladocerans -. 34 -.63 -.58 -.57 -.65 -.97*** -.60+ -.37 -.52 
Total Copepods -.57+ -.53 -.96*** -.86** -.58 -.87** -.31 .53 -.83* 
Total Rotifers -.36 -.27 -.65+ -.23 -.60 -.64+ .54+ .11 .21 
***Indicates significance at .001 level. 
**Indicates significance at .01 level. 
*Indicates significance at .OS level. 
+Indicates significance at .10 level 
--
.p. 
\0 
Table 9. Predictive Equations for Nutrients (ppm) Significantly Correlated with 
Perch and Minnow Biomass1. 
Lake 
1) Oak I 
N = 10 
2) Hendricks I 
N = 7 
3) Cochrane I 
N = 8 
Dependent Variable 
Silicon 
Total Nitrogen 
Silicon 
NH3-Nit rogen 
N03-Nitrogen 
Organic Nitrogen 
Total Nitrogen 
Orthophosphate 
Total Phosphate 
Silicon 
NH3-Nitrogen 
Organic Nitrogen 
Total Nitrogen 
NH3-Nitrogen 
Organic Nitrogen 
Total Nitrogen 
Orthophosphate 
Total Phosphate 
Predictive Equation 
-.021 - .043 gms minnows 
.012 + .. 02) g:n.e:. ~tenows 
- .. 051 -~062 gms minn~w~ 
-~04l ~~ 036 gms minnows 
- u002 +.OOi em~ ~tnnows 
. 027 +.040 gms minnows 
- ~009 +c078 gms minnows 
- .013 +.008 gms minnows 
-.017 +.030 gms minnows 
- .003 -.009 gms minnows 
-.006 +.025 gms minnows 
-.006 -.014 gms minnows 
-.026 +.014 gms minnows 
.111 +.076 gms perch 
-.081 +.049 gms perch 
.014 +.126 gms perch 
-.029 +.035 gms perch 
-.044 +.063 gms perch 
Legend: 1All rates given in change/gm fish biomass/day 
r2 = Percentage of variation significantly predicted 
~**significant .001, ** significant .01, *significant .OS, +significant .10 
r2 
72%** 
35%+ 
61; ·:~* 
66%~: 
88% "" 
96%*** 
90%** 
47%+ 
72 %* 
72%** 
72%** 
41%+ 
83%** 
67%* 
74%** 
94%*** 
86%*** 
85%** 
Ut 
0 
Table 10 . Predictive Equations for Chemical and Biological Variables Significantly Corre-
lated with Minnowsin Combined Minnow Treatments!. --------------------------------
Dependent Variable 
1) Silicon (ppm) 
N = 53 
2) N03-Nitrogen (ppm) 
N = 53 
3) NH3 (ppm) 
N = 53 
4) Organic Nitrogen (ppm) 
N = 53 
5) Total Ni trogen (ppm) 
N == 53 
6) Orthophosphate (ppm) 
N =- 53 
7) Total Phosphate (ppm) 
N = 53 
8) Chlorophyll ~ (ppb) 
. N == 53 
9) Total Algal Cells (103/ml) 
N == 53 
lO)Total Greens ( 103/ml ) 
N ~ = 53 
Predictive Equation 
.038 - .059 gms minnows 
- . 042 + ~02 8 gms minnows 
- o002 + ~ 001 gms ~ i nnows 
- .059 + .033 gms minnows 
- .099 + .066 gms minnows 
- . 008 + .006 gms minnows 
- .020 + .022 gms minnows 
- .864 + .539 gms mi nnows 
-29.121 + 10.355 gms minnows 
- 5. 359 + 3. 222 gms minnows 
Legend: Same as Table 9 . r = correlation coefficient. 
r r2 
.79*** 63%*** 
74*** 55%*** 
"6I*· ~:;~tti' 
.. 77*** 59%*** 
.84*** 71%*** 
. 57** 32%** 
.75*** 56%*** 
.57*** 33%*** 
. 33* 11%* 
. 41 ** 17%** 
V1 
.....-
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percent of the increase was predicted in combined minnow experiments. 
Ammonia was significantly correlated with perch in Cochrane I, where 
67% of the increase was predicted on the basis of perch biomass. 
Organic nitrogen showed a significant positive correlation with 
I 
minnow biomass in Hendricks I, where 96% of the increase was attri-
buted to minnow biomass . Organic nitrogen was significantly reduced 
in the minnow treatment in Cochrane I, where 41% of the reduction was 
attributed to minnow biomass. Fifty-nine percent of the increase in 
organic nitrogen was predicted in combined minnow experiments. 
Organic nitrogen was significantly correlated with perch in Cochrane 
I, where 74% of the increase was predicted on the basis of perch 
biomass . 
Nitrate showed a significant positive correlation with minnow 
biomass in Hendricks I, where 87% of the increase was attributed to 
minnow biomass. Fifty-five percent of the increase was predicted in 
combined minnow experiments . 
Total phosphate showed a significant positive correlation with 
minnow biomass in Hendricks I, where 72% of the increase was attri-
buted to minnow biomass. Fifty-six percent of the increase was pre-
dieted in combined minnow treatments. Total phosphate was signifi-
cantly correlat_d with perch in Cochrane I, where 85% of the increase 
was predicted on the basis of perch biomass. 
Orthophosphate showed a significant positive correlation w~h 
minnow biomass in Hendricks I, where 47% of the increase was attri-
buted to minnow biomass . Thirty-two percent of the increase was pre-
dieted in combined minnow experiments. Orthophosphate was signifi-
53 
cantly correlated with perch in Cochrane I, where 86% of the increase 
was predicted on the basis of perch biomass. 
2. Algae Concentrations 
Chlorophyll ~ showed significant positive correlations with 
minnow biomass in Oak I, Hendricks I, Cochrane II, and Hendricks II, 
where 48, 80, 62, and 68% of the increase was attributed to minnow 
biomass respectively (Table 11). Thirty-three percent was predicted 
in combined minnow treatments. 
Total algal cell counts showed significant positive correlations 
with minnow biomass in Hendricks I, Oak II, and Cochrane II, where 49, 
66 and 53% of the increase was predicted by minnow biomass respec-
tively (Table 12). Eleven percent of the increase was predicted in 
combined minnow treatments. 
Total green algae showed significant positive correlations with 
minnow biomass in Oak I and Oak II, where 76 and 52% of the increase 
was predicted on the basis of minnow biomass respectively. Seventeen 
percent of the increase was predicted in combined minnow treatments. 
Green algae were significantly correlated with perch in Cochrane II, 
where 41% of the increase was predicted on the basis of perch biomass. 
Diatoms showed significant positive correlations with minnow 
biomass in Oak I, Oak II, and Hendricks II, where 33, 40 and 33% of 
the increase was predicted by minnow biomass respectively. Diatoms 
were significantly correlated with perch in Oak II, where 56% of the 
increase was predicted by perch biomass. Cyclotella sp. showed 
a significant positive correlation with minnow biomass in Oak 
Table 11. Predictive Equations for Chlorophyll a (ppb) on the Basis of Perch and Minnow 
Biomassl. 
Lake Pred ictive Equation r2 ----
1) Oak I -~876 +.365 gms minnows 48%* 
N =- 10 
2) Hendricks I .378 +1.379 gms minnows 80%** 
N =- 7 
3) Cochrane I • 441 +ol76 gms minnows 15% n.s • 
N = 8 • 270 +.008 gms perch 1% n.s • 
4) Oak II -1 . 460 +.144 gms minnows 33% n.s. 
N = 8 1.526 +1.156 gms perch 5% n.s. 
5) Hendricks II 
N = 12 1.692 +.446 gms minnows 68%** 
6) Cochrane II .399 +.232 gms minnows 62%* 
N =- 8 2.450 +.720 gms perch 12% n.s. 
Legend: Same as Table 9; n.s. not significant 
V1 
.p.. 
Table 12. Predictive Equations for Algal Cell Count Variables (103/ml) Significantly 
Correlated with Perch and Minnow Biomas s1 . 
Lake Dependent Variable Predictive Equation 
1) Oak I 
N = 10 Total Greens 23~9 50 T 2.981 gms minnows 
Total Diatoms 1...024- + G.-874 gmE minnmJs 
Cyclotella sp. ~099 ~ 2~981 gms ~inncws 
2) Hendricks I Total Algal Cells 3 ... 832 + 6.,52: g•1~s ro.ic·r~_ ..... ',ib 
N = 7 
3) Oak II Total Cells 26.210 + 13 . 777 gms minnows 
N = 8 Total Blue-greens 18.158 + 9.932 gms minnows 
Total Greens 6.713 + 2.213 gms minnows 
Total Diatoms 0.608 + 1.704 gms mi nnows 
Total Diatoms -1.545 + 1.236 gms perch 
4) Hendricks II Total Diatoms 2.342 + 0.328 gms minnows 
N = 12 
5) Cochrane II Total Algal Cells -36.988 + 3.498 gms minnows 
N = 8 Total Blue-greens -33.744 + 3.180 gms minnows 
Anacystis incerta -18.443 + 1.620 gms minnows 
Total Greens -1.381 + 0.308 gms perch 
Legend: Same as Table 9. 
r2 
76%*** 
33%+ 
-: ,· ":""-.(.,;_. 
,. '""" /·-:. 
~ ~~c;, .~ 
66%* 
64%* 
52%* 
40%+ 
56%* 
33%+ 
53%* 
49%+ 
59%* 
41%+ 
V1 
V1 
56 
I, where 51% of the increase was predicted by minnow biomass. 
Blue-greens showed significant positive correlations with min-
now biomass in Oak II and Cochrane II, where 64 and 49% of the 
increase was predicted by minnow biomass. Anacystis incerta showed a 
significant positive correlation with minnow biomass in Cochrane II, 
where 59% of the increase was predicted by minnow biomass. 
3. Zooplankton Concentrations 
Zooplankton abundance showed negative correlations with both 
perch and minnow biomass. The most significant correlations appeared 
in Cochrane II, where total zooplankton, cladocerans, copepods, and 
rotifers were all inversely correlated with minnow biomass. Copepods 
showed the most significant negative correlations with perch and min-
now biomass in all experiments (Table 8). 
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DISCUSSION 
Significant correlations were found between perch and minnow 
biomass and changes in many zooplankton, algal, and nutrient 
parameters. This supported the hypothesis that increased biomass of 
these fish species were a partial cause of these alterations. 
Changes in each of the nutrient, algal, and zooplankton parame-
ters will be discussed individually, since the presence of fish 
influences these parameters in various ways. 
A. Nutrient Concentrations 
Diatoms assimilate large quantities of silicon for the synthe-
sis of their cell walls (Wetzel, 1975). Therefore, with increased 
diatom growth there was a corresponding decrease in silicon con-
centrations in the fish treatments (Figure 1). These changes were 
first observed by Meloche et al. (1938). Since silicon is not 
recycled by the fish as are nitrogen and phosphorus, the depletion of 
this nutrient can probably serve as an indicator in predicting the 
trophic condition of a lake (Kilham, 1971). 
Substantial increases in total nitrogen were observed in most 
fish treatments. The additional nitrogen observed in each container 
appeared to increase with increasing fish biomass (Figure 2). When 
two different concentrations of minnows were compared in Oak I and 
Hendricks I, the higher nitrogen levels were found in the enclosures · 
containing the greater concentrations of minnows. The greatest 
increases in total nitrogen were found in the enclosures containing 
the greatest biomass of perch. Kitchell et al. (1979) reported that 
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nitrogen is concentrated within fish. The fish excrete this stored 
nitrogen primarily through their gills (Hoar and Randall, 1969), and 
secondarily through their kidneys (Prosser and Brown, 1961). 
Therefore, the more fish biomass introduced into a container the more 
stored nitrogen may be excreted into the water, thereby increasing the 
total nitrogen concentrations found within an enclosure. 
Increased levels of ammonia in the fish treatments (Figure 3) 
may be the result of the excretion activities of the fish. The nitro-
gen stored within the introduced fish as well as any organic nitrogen 
taken up in the food during the experimental interval may have been 
remineralized by the fish and excreted primarily in the form of 
ammonia. Hoar and Randall (1969) report that 60 to 90% of the nitro-
gen excreted by fish may be ammonia. If much of the nitrogen recycled 
by the fish is released as ammonia, one would expect even larger 
increases than those observed. Golterman (1975) stated that ammonia 
is readily available for algal uptake and is the preferred source of 
nitrogen for many algae. Ammonia may also be oxidized by bacterial 
action and converted to nitrate. 
Observed increases in organic nitrogen (Figure 4) and in algal 
abundance (Figure 9) in the fish treatments do suggest that a portion 
of the ammonia was indeed taken up and organically bound within the 
rapidly increasing algal population and subsequently excreted as orga-
nic nitrogen by the algae (Yentsch, 1962). Fish excretion may provide 
an additional source of increased organic nitrogen in the containers. 
Nitrate levels varied considerably between fish treatments 
(Figure 5). Nitrate was incr eased in the minnow treatments in 
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Cochrane I and Hendricks I. The bacteria present may have converted 
ammonia to nitrate by oxidation (Wetzel, 1975). When nitrate is 
depleted in the minnow treatments in Oak I and the perch treatment in 
Cochrane I, algal uptake may be responsible. 
It appeared that the fish were the major source of additional 
total phosphorus found within the enclosures containing perch or min-
nows (Figure 6). Kitchell, et al. (1979) reported that phosphorus is 
concentrated within fish four times more than in any other aquatic 
animals. He also stated that fish may contain more than one-half of 
the total phosphorus in a lake system. Apparently then, this stored 
phosphorus within the fish was continuously being excreted, causing 
the observed increases in total phosphorus in the fish treatments. 
Stored phosphorus in the fish as well as organic phosphorus 
taken up from the food during the experimental interval are reminera-
lized by the fish and excreted primarily in the form of orthophosphate 
(Hoar and Randall, 1969). This may explain the increased 
orthophosphate concentrations in all the fish treatments (Figure 7). 
Small increases in orthophosphate and large increases in chlorophyll a 
in some of the experiments suggested that the orthophosphate was pre-
sumably being excreted, but was rapidly being taken up by the algae 
for further growth (Figures 7 and 8). The high concentrations of 
orthophosphate together with low concentrations of chlorphyll ~ found 
in the perch treatment in Cochrane I indicated that much of the 
nutrient has yet to be taken up by the algae (Figures 7 and 8), 
suggesting that some other factor may limit algal growth. A large but 
non-significant increase in orthophosphate was observed in the 
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concentrated zooplankton treatment in Hendricks I (Figure 7). This 
increase may be attributed to the excretory and grazing activities of 
t he large quantity of zooplankton present. The zooplankton may 
e xcrete orthophosphate needed for algal growth, but also graze on the 
algae and keep the algal population low in spite of high con-
centrations (Figure 8). Lamarra (1975) found orthophosphate to 
increase where large quantities of zooplankton were actively grazing. 
B. Algal Concentrations 
Chlorophyll ~ and total cell counts were both measured for 
detecting changes in algal populations. In this study it was found 
that both these parameters increased in the presence of fish (Figures 
8 and 9). Two species of green algae, Schroederia sp. and an uniden-
tified Chlorella-like form; four diatom species, Cyclotella sp., 
Synedra rupkins, Synedra ulna, and Navicula sp.; and two blue-green 
species, Anacystis incerta and Lyngbia contorta, were found to be 
significantly enhanced in one or more experiments. One can assume, 
t hen , that the combination of low zooplankton abundance and high 
levels of inorganic nutrients in the fish treatments provided a 
favorable habi tat for continued algal growth. Other investigators 
working with these same species of fish observed similar results. 
Helfrich (1976) observed increased phytoplankton and changes in 
nutrient chemistry in pools concentrated with fathead minnows. 
Shapiro et al. (1975) and Lamarra (1975) also found perch to decrease 
water qual ity by increasing algal populations in two enclosure studies 
in Minnesota. 
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C. Zooplankton Concentrations 
Copepods and cladocerans, when present, were reduced in every 
fish treatment, indicating that in the containers these large 
zooplankton were a major food source for both species of fish. In 
some enclosures the fish even reduced certain rotifer species presu-
mably for lack of larger prey. Gut content analysis has shown that 
rotifers are eaten by fathead minnows (Haertel, unpublished). It is 
possible that the fish preyed on the larger species first, but when 
their numbers were depleted the smaller rotifers were used as an 
alternative food source. Other investigators have reported that fish 
are size selective, in that they first select zooplankton with the 
greatest biomass and later prey on the smaller species due to a lac~ 
of food (Dodson, et al., 1976; Stenson, 1976; Dodson, 1974; Hurlbert 
et al., 1972; Hallet al., 1970). The rotifer, Brachionus sp., was 
present in the enclosures in every fish treatment, but showed no 
reductions. In fact, this species showed a large but non-significant 
increase in certain fish treatments (10-minnow and 3-perch treatments 
in Oak Lake and the 10-minnow treatment in Lake Hendricks). This 
suggested that because the larger species were reduced in the fish 
treatments, there was less predation on the smaller species and they 
were allowed to multiply. Other investigations also reported tem-
porary increases in certain rotifer species when the cladoceran and 
copepod populations were reduced or eliminated. Increased rotifer 
numbers do not seem to affect phytoplankton growth that occurs in the 
presence of reduced numbers of copepods and cladocerans, because the 
grazing of the rotifers is not very extensive (Haney, 1973). 
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CONCLUSIONS AND RECOMMENDATIONS 
Six enclosure experiments were performed in Lakes Oak, 
Hendricks, and Cochrane during the spring and summer months of 1979. 
Analysis of variance showed that the nutrient composition and plankton 
association frequently changed significantly in enclosures into which 
perch or minnows had been introduced. High correlations were observed 
between fish biomass and increased nitrogen and phosphorus 
concentrations, increased algal populations, and low zooplankton 
abundance. The introduction of the fish into the enclosures may have 
caused increased algal growth through more intense predation on the 
zooplankton population which grazed the algae, and through excretion 
of available nutrients. 
From the observed results in this study, one could speculate 
that an overpopulation of forage fish within a lake may contribute to 
that lake's eutrophication. Therefore, complete restoration 
would involve restructuring the biological communities to reduce 
forage fish abundance. A reduction in forage fish would allow 
for greater zooplankton populations, which through grazing would lower 
the phytoplankton populations even if excessive nutrients were 
available from other sources. 
It is po ssible that the lakes in this study may possess over-
populations of forage fish, which may be one of the major factors 
contributing to the massive algal growths sometimes observed. Manx 
different techniques need to be considered for the restoration of 
these lakes. One of the most practical and least expensive techniques 
would be to increase the population of carnivorous fishes such as 
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pike or muskellunge, which would prey on the forage fishes and keep 
their number s in perspective. 
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